flagellates from the gut of insects could be successfully grown on the surface of solid blood-agar plates. This is a great advance in the technique of cultivation. Noguchi (1924) was able to isolate on plates pure cultures of flagellates from the gut of various insects. More recently Mayer and Ray (1928) grew with great success the various species of Leishmania on a slightly modified Noller's medium. The advantage of such surface growths rests on the fact that more or less pure suspensions of these organisms can be obtained by washing the growths off the surface with normal saline. The cultivation of human amcebae, malarial parasites and the African trypanosomes is, so far, unsatisfactory. The improvement of cultivation methods and the problems associated with immunity present an interesting, important and rich field for investigators.
Four important infections in man will be discussed, namely, malaria, trypanosomiasis, kala-azar and amcebiasis, and an attempt will be made, by leaving out controversial and contradictory observations, to give some idea of the present knowledge regarding immunity in man to these diseases. Definition of terms. Natu,ral and acquired immunity.-It is proposed to deal with each disease separately, but, before doing so, it may be useful to explain briefly the meaning of the terms used. The resistance of man to a protozoal infection is known as immunity. Immunity may be natural or acquired. Natural immunity is an inherent property in the serum of certain individuals, and is not dependent upon a previous infection. This immunity varies and the nature of the immune substances is unknown.
Man may be completely resistant to an infection with certain organisms-for example, certain species of animal trypanosomes-in spite of the fact that these are being continuously inoculated. For example, under natural circumstances, man is never found infected by Trypanosoma conqolense, which is extremely pathogenic to FEB.-TROP. Dis. 1 cattle. On the other hand, althhough man poeseaSes a strong natural immunity against Trypanosoma brucei there is good evidence, which will be discussed later, that immunity to this trypanosome, in certain circumstances, may be completely broken down.
Natural immunity may be incomplete or partial, and numerous examples of this condition occur in natural infections of man. In this partial immunity an individual is infected and parasites establish themselves in small numbers in the body, but fail to produce clinical symptoms. This latter type of resistance is common in people who have never before suffered from a previous attack of the invading organisms. Such conditions are often referred to as latent infections and in certain circumstances this type of immunity can be broken down.
Natural immunity varies between extreme limits, as will be well illustrated in malaria. Some individuals are non-susceptible, others moderately susceptible and others very susceptible. A non-susceptible may at any time become susceptible.
Acquired immunity may be produced in various ways and may be active or passive. Active immunity can be brought about by an infection with virulent organisms, followed by recovery, by a milder infection with less virulent parasites, also followed by recovery, by infection with virulent parasites, followed by appropriate treatment, by injection of dead parasites (a vaccine), or by the injection of toxins and the consequent production of antitoxins.
Passive immunity may be accomplished by the injection of antisera or antitoxins. These two last-named methods cannot be considered as of practical use at present in producing an acquired immunity in man to protozoal infections.
Virulence.-Species and strains of organisms vary in their virulence to a very marked degree. For example, trypanosomes of the T. rhodesiense type are very virulent to man, whereas T. gambiense may cause a very mild infection. This varied virulence depends on several factors, some of which are at present unknown. Virulence can be increased in the laboratory by rapid and numerous inoculations from animal to animal, and it is possible that rapid direct dissemination of an avirulent strain of T. gambiense, through the agency of biting flies, may be responsible for the outbreaks of virulent epidemics in certain parts of Africa.
Again, virulence seems to depend upon the time the parasite has been established in a particular host. In ordinary circumstances T. brutcei is a rare infection in man, owing to the known fact that man is, as a rule, refractory to this trypanosome. If, however, this species becomes established in man the tendency is for the parasite to overrun the unaccustomed host and destroy him. T. gambiense, on the other hand, can be regarded as a human parasite, in that it has been established in man for years and under ordinary methods of transmission is of low virulence to human beings, owing to the fact that a certain amount of balance has been established between the host and the parasite. Varied virulence of the parasite and varied natural resistance of the host react on each other and influence the course of an infection.
Apart from true natural immunity, by which is meant complete resistance to infection, it would seem that by far the most common process is an immunity of a particular type know'n as tolerance. The mechanism of this tolerance is unknown. An individual who has never before suffered from a disease may have a natural tolqrance, as Seen in naturally acquired malaria. In a natural tolerance the individual is inoculated successfully and parasites are able to resist destruction but produce no clinical symptoms. Their multiplication is inhibited. Such infections result in latency and the so-called prolonged incubation periods which are not uncommon in malaria. Acquired tolerance is produced by continued infection and reinfection, accompanied by varying symptoms of the disease, over a period of years. A balance is established, finally, which enables the host to live a more or less healthy life while still harbouring organisms in small numbers. Thus chronic or latent infections exist which produce no clinical signs and give a partial protection againstl the acute ravages of the disease. Immunity of this type has been extensively studied in protozoal diseases of man and has received numerous names, for example, tolerance, infective immunity, relative immunity, immunity tolerance, partial immunity, labial immunity, and, more recently, premunition (Edm. Sergent, 1929) .
Immunity in malaria.-The importance of this disease has led to extensive observations being made on the parasite, the clinical features, the treatment, transmission, prevention and epidemiology. The knowledge of immunity in man is based chiefly on epidemiological and experimental studies. Natutral immunity. Perhaps natural immunity in malaria might be better regarded as a natural tolerance. It is well known that certain individuals are resistant to infection, or at least to an infection accompanied by clinical symptoms. Such an apparent immunity has been noted amongst certain individuals living in highly endemic areas. The resistance to fever, however, is by no means permanent and is liable to break down, for example, after accidents, operations, or ehild-birth. This is so well known that experienced physicians in the tropics in charge of patients, especially pregnant women, place them on quinine as a precaution, even in the absence of a previous history of the disease or a negative examination of the blood. It is a matter of very great interest that a woman during pregnancy may show no parasites in the peripheral blood, and no clinical signs of malaria. After the birth of the child, however, in certain of these cases, smears from the maternal surface of the placenta may show massive infections with P. falciparum.
Experitmental evidence of immunity in malaria.-Recently the use of malaria for therapeutic purposes in general paralysis of the insane has supplied direct proof of the existence of varying degrees of resistance to malaria in persons who have never previously hadthe disease. Some people are highly susceptible, others relatively resistant and others completely refractory to infections. Yorke and Macfie (1924) , Nicole and Steel (1925) , S. P. James (1926), Rudolf (1927) , and others, have demonstrated very clearly the occurrence of this varied natural resistance. The work of S. P. James (1926) is of particular importance and of great interest. He records that 52 out of 221 patients did not develop the disease after an infective inoculation. A patient never out of England was inoculated on four occasions without production of clinical symptoms. Two patients inoculated on the same day with the same dose showed different incubation periods and varying intensity of attacks. One person subjected to the bites of sixty, eighty, and thirty infected mosquitoes, respectively, on three occasions, may have a relatively light attack of malaria not followed by relapses, whereas another, bitten only once by two or three mosquitoes, may have a severe attack, followed by several sharp relapses. It is important to note that this experimental work was carried out during the treatment of general paralysis of the insane with benign tertian malaria. James reported that many patients intentionally infected may remain free from clinical malaria for a considerable period. After an infective inoculation the patient may escape fever for seven to ten months and then develop acute symptoms of malaria for the first time. Numerous examples of such latent cases are reported in the literature. The writer (1924) in Rhodesia, noted that it was no uncommon event to find asexual forms of P. falciparum in the blood of Europeans who were quite -unaware that they were infected. Bass, in America, emphasized this state of affairs and reported that about 16 per cent. of persons who gave negative histories of clinical malaria harboured parasites in the peripheral blood.
It would seem, therefore, that complete resistance or absolite immunity to invasion by malarial parasites is a matter of doubt. Resistance to infection varies within wide limits. Individuals possibly seldom escape infection entirely, but may suffer no ill-effects from the presence of the parasites in small numbers. In the opinion of James this natural tolerance is not due to immune bodies, but to certain chemical conditions of the blood. If the biochemist could solve this problem we should be, possibly, in a position to protect man against the acute manifestations of this disease.
Acquired immunity in malaria.-For years it has been noted that Europeans suffer most acutely from malaria during their first years of residence in hyper-endemic areas, and that afterwards attacks become less severe and less frequent. Daniels (1901) The spleen rate is high in children up to the age of 10 years, and falls gradually up to the age of 15, when it is low. This progressive decrease to a low point in adults is a manifestation of the development of immunity or tolerance and, further, the continued high spleen rate in children accompanied by a relatively low rate in adults is a characteristic of hyperendemicity. Such conditions exist where the inoculation of sporozoites is uninterrupted over a long period of years. It is the continuity that is so essential. Christophers (1924) carried out a series of thorough observations which correlate the parasite rate with the spleen rate. He estimated the endemic index (parasite rate) in children in hyperendemic areas of India and found that infections in children during the first two years of residence were intense and were associated with average parasite counts of about 10,000 parasites per cm. of peripheral blood. He aptly called this the stage of acute infestation. Attacks of clinical malaria occurred about once a week, and could be described as almost continuous. The infantile mortality is not known, but must be enormous.
After two years of residence the children who pass through this ordeal of acute infestation show fewer parasites, but the infection rate is still high. Acute attacks occur less frequently, say about once a month. This stage, known as immune infestation, lasts through childhood to adult life. In adults there continues to be a high percentage of infected persons, but a low value of infection insufficient, possibly, to produce febrile symptoms. Clinical attacks of malaria occur about once in six months. The peculiar relationship of low value of infection to high percentages of infected individuals is a characteristic of immunity in adults under hyperendemic conditions. The table below by Christophers (1924) demonstrates these facts graphically, and when the results are compared with the chart of Daniels ( fig. 1 Christophers found that there was little relationship between the anaemia present in adults and the malarial infection. In other respects there were few clinical symptoms to show that adults were harbourers of the malarial parasite. Gill (1914) pointed out that a spleen rate remaining constant over a period of years signifies a constant immunity, whilst a fluctuating spleen rate implies corresponding oscillations in the degree of immunity possessed by a community. He concluded that in circumstances where perennial infection may occur the collective immunity of a community tends ordifiarily to remain fairly constant whilst it is subject to marked fluctuations where transmission of malaria remains in abeyance over prolonged periods.
Where infection is interrupted for a considerable period severe epidemics of fulminant malaria break out from time to time (Gill, 1914) . The writer (1924) noted that natives tolerant to malaria while living under hyperendemic conditions quickly lost their immunity by a sojourn in non-malarious areas. This was noticeable when they returned home to the malarious areas. In such circumstances they usually went down with an acute attack of malaria accompanied by the presence of numerous; parasites in the peripheral blood-stream.
Active acquired immunity produced by experimtental infection with benign tertian malaria.-Soon after the commencement of the therapeutic treatment of general paralysis it was found that some patients who had recovered from an attack were resistant to reinoculation with the same strain. Nicole and Steel (1925) reported such cases, and the work of S. P. James (1926), Rudolf (1927) , and others, has shown that such experiences are common. It would seem that persons can be easily immunized against a particular strain of the benign tertian parasite, but that the resistance breaks down if they are inoculated with another species, e.g., quartan, or even with a different strain of the same species. In bird malaria after a short incubation period of three to ten days and an acute infection lasting about nine days the parasites become so low in number that fever disappears. Whitmore (1918) stated that the canaries developed a chronic latent infection which lasted at least twenty-nine months. During this time the parasites were constantly present in small numbers in the blood-stream, as demonstrated by the successful inoculation of healthy birds. Mazza (1923) found a canary's blood still infective after four years. Kligler (1930) discusses immunity to reinfection with malaria following treatment and came to the conclusion that in so far as children are concerned no immunity exists after a cure. Children cured of malaria infection do not possess any increased refractoriness to reinfection, but in an adult group after quinine treatment the rate of reinfection during the same period was much lower, indicating that in the latter there is a heightened resistance to reinfection.
Passive immunity in malaria.-Concerning passive immunity little is known. Sotiriades (1917) investigated the effect of administering immune serum. He injected 10 c.c. of serum, from a case of chronic malaria associated with crescents, subcutaneously into a patient with asexual rings and an enlarged spleen. In eight hours symptoms disappeared. Kauders (1927) administered doses of one to two cubic centimetres of serum from a patient difficult to infect with parasites and this benefited nine out of twelve infected persons. Five of the nine recovered from their fever. These experiments are of interest, but in view of the experimental work of James and others the same results have been attained without treatment since a degree of spontaneous recovery is known to occur frequently in malaria. Taliaferro and Taliaferro (1929) found that there were no protective or curative substances detectable in the sera of birds which had recovered from acute malaria, and J. W. Scott M-acfie in a private communication to the writer confirmed this observation.
Demonstration of immune bodies in vitro.-Attempts of varying success by Thomson (1919), Kingsbury (1927) , and Taliaferro, W. H. and L. G. (1927) (1928) , have been made to discover a test of practical value for the diagnosis of latent infections. Thomson and Kingsbury obtained deviations of the complement and Taliaferro was able to demonstrate precipitins.
Malaria has been discussed rather fully because it is probable that similar processes of immunity, naturally, with modifications, occur in trypanosomiasis, kala-azar and amcebiasis. These can be dealt with more briefly. Natural immutnity in man aqainst trypanosomiasis.-There is very definite evidence that man is resistant to infection with all species of trypanosomes with the exception of T. gambiense. Laveran (1902) first showed that, when normal serum was injected into mice suffering from nagana (T. brqtcei), it exerted a markedly retarding influence on the course of the infection. In a recent paper by Yorke, Adam and Murgatroyd (1930) , a most interesting and detailed account is given of the experimental observations on the trypanocidal properties in human serum. Mesnil and Ringenbach (1911) discovered that human serum exercised a trypanocidal action on T. rhodesiense in mice. It has been pointed out, however, by Laveran and Mesnil (1904) tnat the injection of human serum into infected mice causes, as a rule, only a temporary disappearance of the parasites from the blood. It was considered that this trypanocidal action of human serum was absent in vitro, but the recent investigations of Yorke, Adams and Murgatroyd (1929) show that normal human serum rapidly destroys T. equiverdum, T. rhodesiense and T. congolense in vitro at a temperature ot 370C. but that T. gambiense is practically unaffected by it. The same authors state that under certain conditions, pathological and dietetic, the trypanocidal substance disappears from the blood of man. If human serum is heated at 64°C. the trypanocidal properties are quickly destroyed and are not restored by the addition of complement.
While normal human serum is, usually, actively trypanocidal it would appear that this property varies in individuals and, further, it has been noted that T. rhodesiense may acquire, somewhat rapidly, a degree of resistance to the action of human serum.
Recently Vaucel (1930) has reported an infection of man with T. brucei which occutrred accidentally in the laboratory. Mesnil (1930) in discussing this accidental laboratory infection refers to the case of Lanfranchi, who was infected while working with a strain of T. evansi. As a converse to this state of affairs whereby two persons were susceptible to infection with two strains of trypanosomes not usually 1Section of Tropical Diseases and Parasitology found in man, Mesnil drew attention to the fact that three cases of general paralysis of the insane inoculated with a laboratory strain of T. gambiense never showed signs of infection.
In T. brucei, the common parasite of animals in Africa, there exists a trypanosome indistinguishable morphologically from T. rhodesiense, which, in certain localized areas, is a very virulent parasite in man. Taute and Huber (1919) carried out what might be termed a classical experiment. They inoculated themselves and one hundred and twenty-nine African natives with the blood of animals infected with T. brucei. It is stated that no human infections followed, but that control laboratory animals inoculated at the same time developed trypanosomiasis. This experiment is of great value, in that it definitely showed a natural resistance of man to the animal strain of T. brucei, but it really failed to prove that T. brutcei of the cattle and T. rhodesiense of man are specifically distinct. The above experimental observations on the trypanocidal properties of normal human serum provide a basis for the explanation of Taute and Huber's results. Yorke and his colleagues (1930) have expressed this clearly, as follows: "The unequivocal demonstration that T. rhodesiense, T. equiperdutm and T. congolense are rapidly destroyed in vitro at 370 C. by normal serum or plasma, and that T. gambiense is apparently unharmed by either, endorses the well-known phenomenon of the therapeutic action of human serum in experimentally infected mice with an entirely new significance, and seems to us to afford the strongest grounds for believing that man's immunity to infection with the pathogenic trypanosomes of stock and his relative susceptibility to T. gambiense are bound up with the property of his serum."
T. brucei of cattle and T. rhodesiense and T. gambiense of man are probably physiological variations of the same organism modified according to the specific animal hosts in which they have become established (Duke, 1919) . Yorke, Adams and Murgatroyd (1930) , in summing up their experimental work, suggest that under certain conditions man may lose the protective trypanocidal properties in his blood, and thus may develop an infection with the trypanosome (T. brucei) of game. These individuals develop sporadic T. rhodesiense infections such as are seen typically in areas where the game is plentiful and there are many G. morsitans. The same authors believe that T. gambiense infections likewise originated in this manner, but that having occurred in regions associated with the presence of G. palpalis, where the contact between man and fly is more intimate than in G. morsitans regions, there was a correspondingly greater opportunity for the occurrence of man-to-mnan infections with the establishment of a strain, race, species, or whatever it may be called, of trypanosomes, somehow attuned to the specific character of the host's serum.
Acquired immunity.-No better example of acquired immunity or tolerance to-an animal parasite can be found than in trypanosomiasis. This immunity depends upon continuous inoculation with trypanosomes and a continued low infection. The game animals of Africa, living in constant contact with Glossina, have been actively immunized against all the African trypanosomes. How many years it has taken to establish this perfect balance between the host and its parasites is unknown, but it seems fair to assume that within limits the process is comparable to wbat happens in the natives living in a malarious country under hyperendemic conditions. Acquired immunity in man against trypanosomiasis, however, is an obscure problem. How far this immunity is influenced by the natural resistance of the host and the varied virulence of the parasites requires further study. Partial immunity is seen in natives of certain areas in Africa where the only diagnostic feature is chronicity associated with enlarged cervical glands. A partial acquired immunity is also well illustrated after treatment with Bayer 205 and arsenicals. The immunity in this instance is only partial or temporary, since many of these cases relapse after enjoying long periods of fairly good health. In the experimental treatment of laborator-animals Thomson and Robertson (1926) noted that this partial immunity was a common pbenomenon.
Schilling and Schreck (1930) have drawn attention to very important factors which influence the biological qualities of trypanosomes. These organisms may lose their reacuivity to serum antibodies and develop into so-called " serum fast" or "relapse strains." Under the influence of treatment they may also develop into "drug fast," strains. If an old laboratory strain of T. brucei is passed, however, througb the natural transmitting agent, namely, Glossina morsitans, a relapse strain changes into an original strain. Any fastness of a relapse strain is an acquired quality which is lost by the passage of the parasite through the insect vector. The practical importance of this is obvious, because if relapse strains passed through the insect unchanged an innumerable variety of strains differing from each other serologically and immunologically would result.
Passive immunity in trypanosomiasis.-Growth-inhibiting antibodies and trypanolysins develop in the blood of animals which have recovered from an acute attack and are suffering from a chronic infection. The sera of such animals have a protective action when injected at the same time as the homologous trypanosomes, but from a practical point of view it is impossible to immunize man or to cure an infection by the therapeutic administration of serum. A protective serum left in contact with trypanosomes for two to four minutes, and the mixture injected into a susceptible animal, produces an inhibition of acute symptoms and prolongs the life of the animal markedly. Within certain limits this action is specific. Taliaferro, W. H., and Taliaferro, L. G. (1922) , described immune properties in the sera of rats infected with T. lewisi, and further, Taliaferro (1924) and Coventry (1925) described, in rats with the same infection, specific antibodies which inhibit reproduction. Coventry also showed that the sera after a crisis was trypanolytic in vivo. This phenomenon of trypanolysis has been observed in infections with pathogenic trypanosomes and explains the periodic fluctuations in the numbers of parasites circulating in the peripheral blood.
Vaccine treatment.-Little has been accomplished either in producing immunization or cure by the injection of killed trypanosomes (Ross and Thomson, 1911, and Kligler and Weitzman, 1926) .
Detection of antibodies in vitro.-As far as diagnosis of human trypanosomiasis is concerned there are no satisfactory serological tests of value. Complement deviation, agglutination, and precipitins have given diverse results. The phenomenon, however, known as auto-agglutination of the red cells is frequently of use in the diagnosis of a human infection. Researches on this subject would seem to be necessary in view of the fact that a complement-fixation test is extensively used in America with satisfactory results for the diagnosis of chronic dourine infections in horses (vide Watson (1914 Watson ( ) (1915 (1920)).
Natural immuinity in leishmaniasis.-Little is known of natural immunity in leishmaniasis from the experimental point of view. Maggiore (1925) subcutaneously inoculated human beings with Leishmania donovani taken directly from the bone marrow of a case of kala-azar. No infection was observed. In a second series four individuals were inoculated with L. donovani directly from a case of kala-azar, three with cultures of L. donovani and three with cultures of L. tropica. No infection resulted.
A study of the epidemiology of Indian, Chinese, and Mediterranean kala-azar presents a problem which in the present stage of our knowledge is difficult of solution. In the following tables it is obvious that in India the infants tend to escape infection, and that from 5 years of age to under 30 years the infection rate is high. From 30 years to 50 the rate declines in a marked manner. In Italy, on the other hand, tho.disease is highest in children and low in adults. A-similarstate of immunity in adults exists in Northern China. At first sight these figures might imply that young children possessed a natural immunity to Indian kala-azar and that this resistance is lost with advancing age (and vice versa), and that on the Mediterranean littoral and in Northern China the children were susceptible and adults relatively immune. Adler (1929) , however, has suggested that this is best explained by assuming that the transmission in these areas through the agency of sandflies differs in its method. This is an interesting problem requiring further research, and it is a matter of interest that children in Italy with visceral leishmaniasis seem to resist malarial infection. MCCOMBIE YOUNG (1924 Kala-azar can exist in man in a mild form with little or no clinical symptoms. Napier and Das Gupta (1930) in an analysis of cases of post-kala-azar dermal leishmaniasis in persons of all ages, found that the majority gave a history of having suffered from the disease and had received treatment. Others had suffered from fever and splenic enlargement, but a few gave no history of any such illness. The latter (i.e., the cases below the clinical threshold) bring this disease in line with those mild forms seen in other protozoal diseases.
Acquired immunity in kala-azar.-Cases which recover spontaneously or through treatment develop a tolerance to the acute disease associated with the presence of the parasite. This is proved by the observations of Napier and Das Gupta mentioned above. Brahmachari (1922) first drew attention to what he termed dermal leishmanoids in patients after antimony treatment. Acton and Napier (1927) recorded further examples. That these skin conditions are much commoner than was previously suspected is obvious from the work of Napier and Das Gupta, who have collected and studied about 150 cases during a period of about two and a half years. The dermal lesiorts make their appearance from onie to two years after all signs of the visceral infections have disappeared. The skin condition does not seem to develop during the visceral stage, buit in,thlree instances the visceral lesions reappeared when the dermal conditions developed.
The period which elapsed between the conclusion of treatment for kala-azar and the first signs of the skin condition varied from less than one year to six years.
Most cases occurred in adults between the ages of 20 and 30 years of age.
The epidemiology of both Indian and Mediterranean kala-azar, as seen in the tables of McCombie Young (1924) and Paradiso (1926) , indicate that there is a gradual development of immunity established by previous infection. How many mild cases of kala-azar exist in endemic areas is unknown, but it is quite possible that they are much commoner than was previously suspected; they may be overlooked because the infection is mild.
Nicolle and his collaborators have sbown that a first attack of visceral leishmaniasis produced immunity in dogs and monkeys, if the cure was complete and of several months' duration. A dog cured of kala-azar was immune to oriental sore, but a monkey cured of oriental sore was only partially immune to kala-azar. There is some information concerning natural immunity or resistance to infection with oriental sore. Adler inoculated two people from a sore, and in one individual the lesion failed to develop. An active acquired immunity has been recognized for many years in Mesopotamia, where it was a common practiee to inoculate children deliberately on some unexposed part of the body to prevent the disfiguring sores on the face. Immunity has been recorded in dogs after cure, but it would seem that a previous infection does not always confer complete immunity. According to Marzinowsky and Schourenkoff (1924) , an experimental sore only produces immunity when allowed to run its full course. Adler, in a personal communication, has informed the writer that, after the natural cure of an experimental sore on his own arm, he completely failed to infect himself with the same strain and another biologically different to the first. Passive immrunity.-Attempts to treat kala-azar and oriental sore with vaccines have not been carried out extensively. Jessner and Amster (1925) drew attention to a definite skin reaction which followed the injection of a vaccine of Leishmania tropica subcutaneously into a man and a dog during and after recovery from an oriental sore. These authors directed attention to the possibility of employing vaccines for the purpose of immunizing against infections. Attempts, however, to treat oriental sore by vaccines have given more or less indefinite results (Parrot, Donatien and Lestoquard, 1927), but Row (1912) believed that a vaccine of L. tropica was helpful in hastening a cure of oriental sore. More recently Dr. J. C. Ray undoubtedly hastened a clinical cure in two cases of chronic sores in Indians by the subcutaneous injection of killed cultures of L. tropica. These observations have not yet been published, but the writer and others were impressed by the rapid improvement following the treatment.
As regards kala-azar there is little definite information, and attempts to treat with vaccine seem to have been unsatisfactory. Killed cultures were used by Longo (1912) in two cases and by di Cristina and Caronia (1912) in seven cases.
Diagnosis of leishmaniasis by skin reaction.-Wagener (1923), by using an alkaline extract of Leishmania tropica bodies, obtained a very definite skin reaction in oriental sore infections, and Montenegro (1926) confirmed this observation, but found that the reaction was not specific in cases of L. tropica and L. braziliensis. Ray (1928) , however, prepared various types of antigen from cultures of Leishmania donovani and L. tropica, and obtained clear-cut positive skin reactions, which he stated were specific in rabbits immunized by vaccines of L. donovani and L. tropica respectively. Laboratory diagnosis of kala-azar.-The only certaiii means of diagnosis in kala-azar seems to rest on the findings of parasites, but various methods, such as the aldehyde, serum globulin and antimony tests, have given promise of some help. Noguchi (1924) introduced agglutination methods to distinguish species, and concluded that L. donovani and L. infantum cross agglutinated and could be distinguished from L. tropica and L. braziliensis. Kligler (1926) confirmed this observation. Adler and Theodor (1929) , however, carried out investigations on the same lines and pointed out that the problem of agglutination was a very complicated one, especially because strains may be auto-agglutinable. These workers could not convince themselves that Leishmania species can be thus differentiated with certainty. Wagener and Koch (1926) found group agglutinins in L. tropica, L'. braziliensis and L. donovani (China). J. C. Ray (1929) points out that it is necessary to obtain high titre sera in order to cut out the cross agglutination phenomena.
Complement-fixation in kala-azar. -At present this method of diagnosis can only be considered to be in the experimental stages. Hindle, Hlu and Patton (1926), 1however, obtained well-marked complement-fixation in nineteen cases and partial results in five, in twenty-four cases of kala-azar diagnosed by liver puncture.
Amaebiasis. Natural immunity.-The only experimental evidence of immunity in man to Entamceba histolytica is that supplied by Walker and Sellards (1913) . Twenty man were fed on E. histolytica. Both cysts and free forms of this ameeba were used. Eighteen out of the twenty acquired infections, but four only developed acute symptoms of dysentery after incubation periods of 20, 57, 87 and 95 days respectively. Fourteen became carriers of the cysts, and two never showed evidence -of infection. Such results show that man -may be resistant, or susceptible to infection, and, further, those individuals who showed cysts only prove that man may develop a tolerance to the parasite. Such tolerance might, of course, in certain circumstances be broken down. Another interesting experiment is described by Walker and Sellards (1913) . An individual received cysts from a convalescent carrier who had previously suffered from acute amcebic dysentery, and he became a contact carrier (i.e., a cyst carrier who showed no acute symptoms). A third man received cysts from the latter and he also became a carrier only. A fourth individual who received cysts from the third developed acute amcebic dysentery.
Recent work by Cleveland and Saunders (1930) on the virulence of E. histolytica is of very great interest. By experimental inoculation of cultures of E. histolytica into the liver and intestine of kittens it would seem that an increase in virulence was produced by passage. Evidence, however, pointed to this increase of virulence being due to increased virulence of the accompanying bacteria rather than the amoebe. Further, the experimental evidence of Cleveland and Saunders indicates that the amcebae alone do not produce a liver abscess in kittens unless accompanied by certain pathogenic bacilli.
These observations open up an entirely new line of research, as it is possible that the pathogenicity or non-pathogenicity of a strain of E. histolytica may depend to a certain extent on the accompanying bacterial flora in the intestine. The presence or absence of certain bacteria in the intestine may determine whether a person is resistant to infection, or susceptible to acute dysentery. Such factors might explain also the presence of healthy carriers of the pathogenic cysts.
Acquired immunity.-This form of immunity is again of the type common to those other diseases already discussed, in which there is a low type of infectivity unassociated with clinical dysentery. This resistance seems to be more complete in some persons than in others and, as in other conditions, is liable to break down. The so-called tolerance to E. histolytica as manifested by numerous convalescent and contact carriers is a problem of extreme interest. Are the minute tissue lesions in carriers so small as to defy detection by pathologists, or is the parasite capable of becoming a harmless commensal feeding on the bacterial content of the intestine ? If the latter condition is possible it is a remarkable example of a pathogenic tissue invader becoming a harmless inhabitant of the lumen of the intestine, and a perfect example of balance established between the host and its parasite.
Hegner (1927) in an interesting book on host-parasite relations between man and intestinal protozoa showed that an analysis of E. histolytica infections of Chinese and foreigners gave evidence that a certain amount of acquired tolerance to acute manifestations of amcebiasis was developed in Cbinese. Foreigners exhibited both more severe and more mifd symptoms than Chinese and were correspondingly low in the number of healthy carriers when compared with the Chinese.
Hegner concluded that the data available indicated that although the Chinese are more highly infected their infections are not so severe as those of foreigners and that, therefore, a real difference existed in susceptibility and resistance of the different races to E. histolytica.
Serology of E. histolytica infectionis.-Positive complement-fixation tests have been obtained by Izar (1914) and Craig (1927) (1928) , and Wagener (1924) obtained a specific precipitin reaction. So far, however, no test of practical value has been obtained.
Conclusions.-(1) In the four protozoal diseases of man briefly discussed, namely, malaria, trypanosomiasis, kala-azar and amcebiasis, there is definite evidence of a natural resistance to infection. Some individuels may be completely refractory to an infection, but the most common type of immunity seems to be a natural tolerance associated with the presence of parasites in small numbers.
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(2) This resistance or natural tolerance may from various causes be completely broken down. The first acute manifestations of an infection often date from some cause which lowers the general body resistance.
(3) A definite acquired immunity or more correctly an acquired tolerance depending on the presence of parasites .in small numbers can be brought about by continuous and repeated infections as is well illustrated in malaria and trypanosomiasis and to a less extent in leishmaniasis and amoebiasis. Again, this acquired immunity can be easily broken down if reinfection is interrupted for a considerable period. Any debilitating cause may also bring about loss of resistance.
(4) Little is known of the characters of natural or acquired immune bodies. Natural immunity depends upon some unknown properties in the normal serum, and from recent observations of Yorke, 'Adams and Murgatroyd would seem to be dependant on such factors as diet. These immune substances become less or disappear from the serum in certain pathological conditions of the body.
(5) In acquired immunity, on the other hand, antibodies of an unknown nature seem undoubtedly to be formed, but these are either unstable or quickly eliminated from the body after complete disappearance of the parasites. In other words, this acquired immunity seems to depend to a large extent on the continued presence of a low infection with parasites. It seems further, to depend upon more or less continued inoculation with fresh strains of parasites and if this continued inoculation is interrupted for a considerable period the immunity is broken down. Any debilitating cause can also bring about loss of resistance.
(6) Practical methods of passively immunizing manl are at present of little value. The use of vaccines or antisera in treatment requires further observations.
(7) It would seem, however, that the important observations already made on natural resistance and acquired immunity to these infections open up a hopeful field to research workers, because, if one could find the factors or biochemical properties influencing refractoriness to infection, it might be possible to protect individuals either completely from infection or from the ravages of acute infestation. too, of great tolerance to trypanosome infections, and he (the speaker) had recently treated a case of T. gambiense infection in a man who showed no clinical signs of the disease until he had left Africa for over a year. Examples of spontaneous cure from kala-azar were also known. With regard to amebiasis, we were at a distinct disadvantage, because failure to infect per o8 was no criterion of resistance; rather, he thought, an endeavour to infect volunteers should be made by the injection of infectious material per rectum.
Col. S. P. JAMES said: Professor Thomson has referred to the experiments on acquired immunity which we have been able to make in connection with malarial therapy at the Horton Mental Hospital, Epsom. I should be sorry if it were thought that we are prepared to generalize too widely from those results. They are true for the individual cases concerned, but one of the most puzzling findings in experiments on immunity to malaria, as well as in other aspects of the disease, is that the same experiment gives different results with different individuals. In a paper read at the Royal Society of Tropical Medicine, in 1926, I distinguished between people who are abnormally susceptible to malaria and people who are abnormally refractory, and noted the intermediate class to which most people belong, namely, the class of people of " normals" susceptibility. In experiments on immunity some such classification as that also seems to be necessary in order to explain the apparently contradictory results of test experiments and in order to correlate results with the well-known clinical and parasitological observations indicating that in severely endemic areas in the tropics the indigenous inhabitants acquire an immunity only after repeated infections and reinfections during several years. Other difficulties in studying the subject are: (1) That malaria caused by direct blood inoculation is a different disease from malaria caused by mosquito bites;
(2) that in experimental work, account must be taken not only of different species of parasites, but of different strains of the same species; (3) that the different species seem to be mutually antagonistic when in the human host; (4) that acquired immunity does not occur as a rule until the primary infection has been allowed to run its course for some time and has been followed by a long-interval recurrence ending in spontaneous recovery. In about half our patients a single primary attack does not suffice to make patients refractory, but patients whose attack is followed seven or eight months later by a recurrence ending with spontaneous recovery, usually become quite immune thereafter. One of our patients in this category was infected by mosquito bites on January 31, 1926. Her attack lasted nineteen days. She had no relapse until nine months later when she had a recurrence lasting three days followed by a recrudescence lasting one day. Ever since, she has been completely refractory to infection by mosquito bites and by blood inoculation with the same strain, as proved by repeated trials in January and July, 1928 , June and November, 1929 , and September, 1980 Professor R. T. LEIPER, speaking from the metazoal aspect, said that failure of experimental inoculations should not be taken as indicative of natural immunity. The subcutaneous injection of water containing bilharzia cercariv seldom resulted in infection of experimental animals which were highly susceptible to infection by immersion.
Helminth investigations suggested that failure of infection resulted not merely from the presence of antagonistic material in a host, but from the absence of certain necessary energizing substances, e.g., some growth-promoting substances, which were essential to enable the helminths to pass through the metamorphoses necessary before adult stage was reached, and it might even be that the successful action of certain drugs was due to their effect in inhibiting or fixing those vital substances in the host.
Dr. HUGH STANNUS said he was of opinion that there was no such thing as absolute natural immunity to malaria. Could one reconcile the 100% infection rate in native children in hyperendemic areas with the attack rate of 83% induced in paralytics, quoted by Colonel James. He suggested there were fact6rs determining the failure to infect which required investigation. He very much doubted the actual truth of the statements quoted by Dr. Manson-Bahr regarding the immunity of Livingstone and Emin Pasha. He believed they were cases of acquired immunity. The question had a very important bearing on the treatment of malaria, and he suggested that the evidence supported a line of treatment consisting in allowing the fever of the first attack of malaria to run some few days before commencing the exhibition of quinine. Full doses should then be given for some short period with similar treatment for any relapse. In this way immunity might be established.'
